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Mapping quantitative trait loci for height in sorghum across growth stages
• Many important traits are quantitative, meaning they are measured in
degree of appearance instead of presence or absence. Segregation
based on simple ratios – as seen, famously, in Gregor Mendel’s peas
– does not apply to traits such as height and disease resistance in
agricultural crops.
• Complex traits are often controlled by multiple loci on a genome
instead of one specific locus; these segments are known as
quantitative trait loci, or QTLs. Statistical analysis of phenotypic, or
visual, data from a population can be used to construct a “road map”
of a genome and identify regions where QTLs likely lie.
• By using molecular markers within DNA, this process determines the
association between an individual’s marker genotype (genetics) and
its phenotype (appearance), then relates those genetic differences to
the trait of interest to determine an association. Four QTLs have been
found to control three traits in sorghum: total plant height, flag leaf
height, and flag leaf to panicle apex length.
What is QTL mapping?
Why sorghum?
• In sorghum, plant height is especially significant because of its
correlation to biomass production, as the plant material can used for
making lignocellulosic ethanol. This is especially pertinent when U.S.
consumption of biofuels was 13 billion gallons in 2010, and is
predicted to rise to 36 billion gallons by 2022. Taller plants have a
higher biomass yield, and are therefore preferred in energy
applications – additionally, 67.1% of the energy in cellulose can be
transformed into ethanol. Sorghum also consumes one-third less
water than comparable ethanol crops, making it an efficient choice and
one that may become more popular as water scarcity increases.
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• Isolating these quantitative trait loci presents possibilities for breeders 
to make selections based on molecular data, to predict the outcome 
of hybrid crosses, and to speed up the breeding process.  
Additionally, QTLs help researchers to better understand why and 
how plants display certain favorable traits, and where to find the 
genes attributed to them.  
Materials & Methods
Results
• Phenotypic data was collected for a population of 242 recombinant inbred
sorghum lines (RILs) and their parents. Two replications of the 242 lines
were planted, giving 484 separate plots.
• Four height traits were measured: ground to pre-flag leaf, ground to flag
leaf, ground to panicle base, and ground to panicle apex. These
measurements were taken once every one week to ten days, ensuring
data sets across a number of growth stages.
• This resulted in nine traits across time: canopy height at 33, 41, 51, and
62 days after planting (CanHT); flag leaf height at 72 and 84 days
(FlgHT); preflag leaf height at 84 days (PfgHT); panicle base height at 84
days (PBase); and panicle apex height at 84 days (PApex). Additionally,
two more traits were constructed from this data: peduncle length at 84
days (panicle base to flag leaf; trait Peduncle) and panicle head length at
84 days (panicle apex to panicle base; trait Panicle).
• The least squared means value for each trait was calculated for each
sorghum line. Previous lab research had generated a linkage map using
1,462 SNP markers and had genotyped each of the parental lines and RILs at
each marker. Genetic data was used along with the phenotypic data
collected to construct maps in Windows QTL Cartographer.
• Composite interval mapping was carried out and a logarithm of odds (LOD)
score threshold of 2.5 was set. Maps of each of the 11 traits showed their
effects along each chromosome, and allowed observation of their action
across time.
Objectives
• The main objective of this study was to provide further insight into the
mechanisms of heterosis. Heterosis, the relative increase in fitness of
hybrid offspring as compared to its parents, contributes significantly to
the gains made through plant breeding. Higher growth rates, yields, and
stress resistances are all examples of “hybrid vigor”, and have been
exceedingly valuable in crop improvement. Height is most often used
trait in observing heterosis in crosses. Since heterotic effects are
present “in the seed”, plants are expressing them throughout their growth
– however, early effects can become overshadowed and are not
observed when phenotypic data is collected only at maturity. By taking
height observations throughout the season instead of only once at plant
maturity, gene action was able to be observed across all stages of
development.
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Conclusions
• This study showed that the effects of height traits in sorghum fluctuate
across the growth stages of the plant. The QTL peaks found confirm
those in earlier research, and new QTL locations identified early-acting
height genes. Some genes that are expressed early are later
overshadowed by those expressed late, and they currently may be
missed by researchers when phenotypic data is only collected from
mature plants. Further research with more data points across a season
will continue to be helpful in elucidating the genetic and physiological
explanations for heterosis.
• Peaks in the graphs above the dotted line – the threshold LOD score –
indicate a QTL at that location. The lower graph shows the additive
effect of genes, or how much each contributes to or detracts from the
specific trait in inches.
• In the maps that reflect changes over time (Figures 2 and 3), early-
acting genes can be seen at 33 days after planting in chromosome 4 for
canopy height, and at 72 days after planting in a similar location for flag
leaf height. In both cases, these peaks appear early but disappear as
they are overshadowed by other genes such as those on chromosome
7.
• The significant peaks in chromosome 7 in all traits confirm earlier
research as seen in Figure 1: Dw1, Dw3, and qHT7.1 are seen in these
results, with Dw3 having the greatest effect on height.
Figure 1: Previous research regarding plant height traits in sorghum and their associated QTLs.  By using QTL mapping over stages, 
it is possible to see when these genes are acting and how they change over time. 
Figure 2: QTL map for CanHT traits at 33, 41, 51, 
and 62 days after planting
Figure 3: QTL map for PfgHT and FlgHT traits at 72 
and 84 days after planting
Figure 4: QTL map for PBase and PApex traits at 84 
days after planting
Figure 5: QTL map for Peduncle and Panicle traits 
at  84 days after planting
